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http://www.biomedcentral.com/1471-2458/12/551RESEARCH ARTICLE Open AccessAssociations between fruit and vegetable intake,
leisure-time physical activity, sitting time and
self-rated health among older adults:
cross-sectional data from the WELL study
Marita Södergren1,2*, Sarah A McNaughton1, Jo Salmon1, Kylie Ball1 and David A Crawford1Abstract
Background: Lifestyle behaviours, such as healthy diet, physical activity and sedentary behaviour, are key elements
of healthy ageing and important modifiable risk factors in the prevention of chronic diseases. Little is known about
the relationship between these behaviours in older adults. The purpose of this study was to explore the relationship
between fruit and vegetable (F&V) intake, leisure-time physical activity (LTPA) and sitting time (ST), and their
association with self-rated health in older adults.
Methods: This cross-sectional study comprised 3,644 older adults (48% men) aged 55–65 years, who participated in
the Wellbeing, Eating and Exercise for a Long Life (“WELL”) study. Respondents completed a postal survey about
their health and their eating and physical activity behaviours in 2010 (38% response rate). Spearman’s coefficient
(rho) was used to evaluate the relationship between F&V intake, LTPA and ST. Their individual and shared
associations with self-rated health were examined using ordinal logistic regression models, stratified by sex and
adjusted for confounders (BMI, smoking, long-term illness and socio-demographic characteristics).
Results: The correlations between F&V intake, LTPA and ST were low. F&V intake and LTPA were positively
associated with self-rated health. Each additional serving of F&V or MET-hour of LTPA were associated with
approximately 10% higher likelihood of reporting health as good or better among women and men. The
association between ST and self-rated health was not significant in the multivariate analysis. A significant interaction
was found (ST*F&V intake). The effect of F&V intake on self-rated health increased with increasing ST in women,
whereas the effect decreased with increasing ST in men.
Conclusions: This study contributes to the scarce literature related to lifestyle behaviours and their association with
health indicators among older adults. The findings suggest that a modest increase in F&V intake, or LTPA could
have a marked effect on the health of older adults. Further research is needed to fully understand the correlates
and determinants of lifestyle behaviours, particularly sitting time, in this age group.
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It is well established that a healthy diet and physical ac-
tivity are key factors to prevent chronic diseases and to
maintain health throughout the life course [1]. Recent
studies have also shown that sedentary behaviour, as dis-
tinct from a lack of physical activity, is also an important
determinant of health [2-4]. For example, a study from
Canada found a dose–response association between sit-
ting time and mortality from all causes and cardiovascular
disease, independent of leisure-time physical activity [4].
Although these lifestyle behaviours (healthy diet, physical
activity and sedentary behaviour) frequently coexist and
are amenable to interventions [5-9], the relationships be-
tween them and how they interact with each other have
received little attention. In addition, relatively little re-
search has explored these behaviours and their shared as-
sociation with health indicators in the age group of 55–
65 years [6], an increasing group of older adults in transi-
tion to retirement [10].
Later adulthood is an important period because the
impact of behavioural risk factors increases with age and
many chronic diseases such as heart disease, stroke, can-
cer, and diabetes will present during this life-stage.
People reaching retirement will also have access to more
leisure-time and greater opportunity to engage in
healthy or unhealthy behaviours [11,12]. Existing re-
search shows that many older adults consume too few
fruits and vegetables to gain health benefits [13-15]. It is
also estimated that older adults are less likely to be suffi-
ciently physically active than younger adults [15,16]. Al-
though younger adults (<40 years) spend more time
sitting than do older adults [17], high levels of overall
sitting time and TV viewing is associated with greater
prevalence of the metabolic syndrome among older
adults (>60 years) [18].
Numerous studies have shown that self-rated health is
a valid indicator of current health and an independent
predictor of later diseases and premature death [19,20].
A single question is often used to measure self-rated
health and the response has been shown to be positively
correlated with clinical assessments [21,22]. Possible hy-
potheses for the predictive power of self-rated health in-
clude behavioural factors such as physical activity, diet
and sedentary behaviours. These are likely to influence
metabolism, nutrition and inflammation [21-24], and
thereby, behavioural risk factors may precede biological
risk factors. Behavioural factors may also be markers of
generally risky lifestyles [25] thus, it is important to
study modifiable lifestyle behaviours over the life course
to prevent chronic disease.
Several studies worldwide have found positive associa-
tions between self-rated health and fruit and vegetable
intake, physical activity and sedentary behaviour/sitting
time among adults [7,9,26-30]. However, most of thosestudies have examined these lifestyle behaviours separ-
ately or combined in an index, overlooking relationships
and interactions between them. In addition, previous re-
search has explored health behaviours among adults in
general, and there is currently limited research in the
field focusing on older adults (age 55–65 years). There-
fore, the present study aimed to explore relationships
between fruit and vegetable intake, leisure-time physical
activity, and sitting time in a large sample of older
adults, and to examine their individual and shared asso-
ciation with good self-rated health, controlling for
known confounders.
Methods
Sample
This study used baseline data provided by older adults
aged 55–65 years, who were participants in the Well-
being, Eating and Exercise for a Long Life (“WELL”)
study. The WELL study is a cohort study, which exam-
ines the nutrition and physical activity behaviours of
Australian older adults. The sample for the WELL study
was drawn from the Australian Electoral Commission
electoral roll (voting is compulsory in Australia). Be-
tween February and April 2010, a sample of adults aged
55–65 years, from urban and rural neighbourhoods in
Victoria, Australia were invited to participate in the
study and to complete a postal survey covering potential
personal, social, and environmental influences relating to
eating and physical activity behaviours. All suburbs in
urban and rural areas of Victoria were classified
according to the Socioeconomic Index for Areas score
(SEIFA) which is assigned by the Australian Bureau of
Statistics, and divided into tertiles (i.e low, medium and
high SEIFA). Fourteen postcodes from each SEIFA tertile
(i.e low, medium and high SEIFA) were randomly
selected and an equal number of participants from areas
within each tertile of SEIFA score were randomly
selected. From each suburb, 134 participants (equal
numbers of men and women) were selected, resulting in
a total sampling pool of 11,256. Of the surveys distribu-
ted, 380 were returned as undeliverable and 95 were
returned from individuals outside of the 55–65 year age
bracket. In total, 4,082 completed surveys were returned
(38% response rate). This response rate is similar to what
is usually achieved by postal questionnaires of this kind
[31]. After exclusion of those who had incomplete or in-
valid data on the measures included in this study
(n = 438) a total of 3,644 (48% men) remained and were
included in the analyses. There were statistically signifi-
cant differences in gender and SEIFA score between
non-respondents and respondents (data not shown). Re-
sponse rates were higher for women than men, and
among women, non-respondents were more likely to
come from urban areas. Non-respondents were also
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SEIFA. Among those 3,644 included in the analyses, the
percentages for low, medium and high SEIFA were
28.6%, 33.6% and 37.8%, respectively.
Ethical approval
This research project was approved by the Human Re-
search Ethics Committee of Deakin University (EC-2009-
105). All participants gave informed consent in writing.
Measures
Self-rated health and socio-demographic details
Self-rated health was measured by the question: “In gen-
eral, would you say your health is” [19,20]. The five re-
sponse alternatives: poor, fair, good, very good and
excellent were categorized into three levels: 1) poor/fair,
2) good and 3) very good/excellent. In addition, partici-
pants were asked if they had a serious illness, long-term
injury or disability that prevented them from being phys-
ically active (yes/no). The questionnaire also collected
information on gender, weight and height, smoking
habits, educational level, marital status, and housing ten-
ure. Body mass index (BMI) was calculated as weight
(kg)/height2 (m), and classified according to the WHO
definition (World Health Organization 2000): normal
range as BMI 18.5-24.99, overweight as BMI 25.0–29.9
and obesity as BMI ≥30.0. Those (1.0%) categorized as
underweight (BMI <18.5) were included in the normal
range category. Marital status was categorized as mar-
ried/cohabiting, separated/widowed, or single (i.e. never
married). Housing tenure was classified into owner, pur-
chaser, or renter/boarder.
Fruit and vegetable intake
Fruit and vegetable intakes were assessed by two separate
questions: “About how many serves of [fruit/ vegetables]
do you usually eat per day”. The eight response options
were: I don’t eat fruit/vegetables, less than one serve/day,
1 serve/day, 2 serves/day, 3 serves/day, 4 serves/day, 5
serves/day and 6 or more serves/day. These questions
were adapted from the Australian National Nutrition Sur-
vey (NNS) [32,33]. They have shown to adequately dis-
criminate between groups with different fruit and
vegetable intakes assessed by 24-hour recall, and showed
high test-retest reliability (0.85) for both fruit and vege-
table intakes [32,33]. Frequency of fruit and vegetable
intakes were summed to form a single fruit and vegetable
variable (F&V), with total number of servings ranging
from 0 (less than 1) to 12 or more servings/day.
Leisure-time physical activity
Data on leisure-time physical activity were collected using
the self-administered long format of the International
Physical Activity Questionnaire (IPAQ-long) [34]. TheIPAQ-long asks the respondents to report the fre-
quency and duration (≥10 min) of walking, cycling, and
moderate and vigorous intensity physical activity during
the past 7 days in four domains: work, active transpor-
tation, domestic and garden, and leisure- time. The
guidelines obtained from the IPAQ official web page
(www.ipaq.ki.se) were followed for processing the data.
The present analyses used only measures of total time
spent in leisure-time walking, moderate- and vigorous-
intensity physical activity as some studies have shown
that leisure-time physical activity is a better predictor
of good self-rated health compared to occupational
physical activity [35,36]. Leisure-time physical activity
may also provide the best opportunity to intervene
compared with occupation and household physical ac-
tivity. The reported physical activity during leisure-time
was converted into metabolic equivalent (MET), and
summed into a single continuous LTPA variable (MET-
hours/day). The MET weights used in this analysis were
3.3 for walking, 4.0 for moderate intensity physical ac-
tivity, and 8.0 for vigorous intensity physical activity
[37]. Consequently, 1 MET-hour corresponds to about
18 minutes of walking, 15 minutes of moderate (e.g. brisk
walking), or 7.5 minutes of vigorous LTPA (e.g. running at
8 km/hrs) [37].
Sitting time
Data on sitting time were also collected from the IPAQ-
long [17]. Respondents are asked to report time spent
sitting while at work, at home, while doing study, and in
leisure-time during the last 7 days. Total time spent sit-
ting on weekdays and weekend days were summed and
presented as average daily time spent sitting (ST)
(hours/day).
Statistical analysis
Tests of differences between women and men, in the dis-
tribution of the descriptive variables (categorical) were
performed using a Chi-square-test, and for age (continu-
ous) by one-way analysis-of-variances (ANOVA). ANOVA
was also used to examine differences between women
and men in reported F&V intake and ST, whereas the
Kruskal-Wallis test was used for the LTPA variable
(due to skewed nature of the data). The relations be-
tween F&V, LTPA and ST were tested using Spearman’s
rank correlation coefficient. Ordinal logistic regression
models, with self-rated health (poor/fair, good, very good/
excellent) as the outcome, were used to investigate the
association with F&V, LTPA and ST. Two models were
calculated (bivariate and multivariate), stratified by sex.
The results are presented as odds ratios (ORs) with 95%
confidence interval (CI).
Previous studies have recognized age, gender, BMI,
smoking, marital status and education or other markers
Table 1 Mean and distribution of the individual variables
(percentages)
Variables Total Women Men P-value a
Sample size (n) 3,644 1,892 1,752
Mean age 60.2 60.2 60.2 0.865
(SD) (3.2) (3.2) (3.1)
Self-rated health (%) 0.004
Very good/excellent 48.4 51.0 45.8
Good 39.9 38.5 41.3
Fair/poor 11.7 10.5 12.9
Body mass index (BMI) (%) < 0.001
< 25 kg/m2 36.2 43.5 28.3
25–29.9 kg/m2 39.8 32.8 47.5
≥ 30 kg/m2 24.0 23.7 24.3
Smoking habits (%) < 0.001
Never smoker 50.2 56.4 43.5
Former smoker 37.8 32.9 43.2
Daily smoker 12.0 10.7 13.3
Education (%) < 0.001
Up to 10 years 36.1 40.3 31.7
12 years/trade/certificate 35.9 32.4 39.7
University degree 27.9 27.3 28.6
Marital status (%) < 0.001
Married/cohabiting 78.8 75.2 82.7
Separated/widowed 16.1 20.5 11.3
Single 5.1 4.3 6.0
Housing tenure (%) 0.448
Owner 69.0 69.9 68.1
Purchaser 20.6 19.8 21.4
Renter/boarder 10.4 10.3 10.5
Long- term illness (%)
No 78.8 79.8 77.9 0.160
Yes 21.2 20.2 22.1
Note a Statistical differences by sex: One-way ANOVA and Chi-square test.
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correlates of self-rated health [28-30]. Several of these
factors have also been shown to be correlated with
healthy behaviours [25,38-40]. In the present study, only
those variables found to have a significant bivariate asso-
ciation with self-rated health were included in the multi-
variate model as possible confounders (BMI, smoking
habits, marital status, education, housing tenure, long-
term illness). Probably due to the narrow age range
included, age was neither significantly associated with
self-rated health in the bivariate analysis (p = 0.81,
p = 0.27 for women and men respectively) nor did its in-
clusion change the parameters for the variables of inter-
est or improve the model fit. The models were therefore
not adjusted for age. In addition, the two variables in-
come and employment were also tested as possible con-
founders but were omitted from the analyses as they
were not significantly associated with the outcome vari-
ables. When assessing the association between F&V,
LTPA, ST and self-rated health, effect modifications were
evaluated in the regression model by testing interaction
terms between F&V*LTPA, F&V*ST and LTPA*ST. Stat-
istical analysis was conducted using Stata version 11.0
(Stata Corporation, College Station TX, USA). A p-value
of less than 0.05 was considered statistically significant.
Results
A greater proportion of women rated their health as very
good/excellent compared to men (Table 1). The results
also showed that 57% of the women and 72% of the men
were overweight or obese. Given the significant differ-
ences in self-rated health and other factors between
women and men, the regression analyses were stratified
by sex. Women on average reported consuming one
more serving of F&V per day and approximately 30 min-
utes less time spent sitting per day than did men
(Table 2). The small, but significant differences in me-
dian LTPA (0.3 MET-hours/day) between men and
women corresponds to approximately 38 minutes of
walking per week. There were weak but significant cor-
relations between F&V intake and LTPA, and between
LTPA and ST, in both women and men (Table 3). A sig-
nificant inverse correlation between F&V intake and ST
was only found for women.
Table 4 shows the ordinal logistic regression models
predicting the odds of reporting health as good or better
(very good/excellent), stratified by sex. F&V intake and
LTPA were positively associated with self-rated health,
whereas ST was negatively associated with self-rated
health. In the multivariate model, each additional daily
serving of F&V was associated with higher odds of
reporting health as good or better in both women and
men, by 9% and 10% respectively. The odds of reporting
health as good or better were also higher for eachadditional daily MET-hour (e.g. 15 min brisk walk) of
LTPA in both women and men. The negative (bivariate)
association between ST and self-rated health were no
longer significant in the multivariate analyses.
On testing interaction terms in the multivariate mod-
els it was found that ST acted as a moderator of the as-
sociation between F&V intake and self-rated health, in
opposite directions, for women and men (OR= 1.02;
95% CI:1.00-1.03 and OR=0.98; 95% CI: 0.96-0.99, re-
spectively). This indicates that increased ST strengthens
the association between F&V and self-rated health in
women, and weakens it in men. Figures 1a and1b shows
that this effect was statistically significant above 5 hours
of ST in women, and below 10 hours of ST in men.
Table 2 Reported F&V intake, LTPA and ST presented as
daily mean and median, respectively (n =3,644)
Total Women Men p-value a
F&V (servings/day) < 0.001
Mean± SD 4.4 ± 2.2 5.0 ± 2.1 3.9 ± 2.2
Median (CI) 4.0 (4.0-4.0) 5.0 (5.0-5.0) 4.0 (4.0-4.0)
LTPA (MET-hours/day) 0.005
Mean± SD 2.5 ± 3.4 2.5 ± 3.3 2.5 ± 3.6
Median (CI) 1.4 (1.2-1.4) 1.4 (1.4-1.6) 1.1 (1.0-1.4)
ST (hours/day) 0.005
Mean± SD 5.8 ± 2.9 5.6 ± 2.8 6.1 ± 3.0
Median (CI) 5.1 (5.0-5.3) 5.0 (5.0-5.1) 5.4 (5.3-5.6)
SD - Standard deviation. CI - 95% Confidence Interval.
Note a Statistical differences by sex: One-way ANOVA and Kruskal-Wallis test.
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along with 95% confidence intervals and LTPA held at
mean, showed similar result for both cut-points of self-
rated health (fair/poor vs. good or better, good vs. bet-
ter). Therefore, only one cut-point (good vs. better) is
shown in Figures 1a and 1b. Modification effects by
F&V and LTPA were also tested, but the results were not
statistically significant.Discussion
The findings show that each additional serving of fruit
and vegetable or 15 min brisk walk per day, was asso-
ciated with approximately 10% increase in the odds of
reporting health as good or better among women and
men. The effect size remained statistically significant
when all three lifestyle behaviours were included in the
model, and after adjusting for BMI, smoking, long-term
illness and socio-demographic characteristics (education,
marital status and housing tenure). Taking into consider-
ation the burden of chronic diseases, an increase in F&V
intake and LTPA of this size may have a substantial im-
pact on public health. However, these cross-sectional
findings need to be confirmed longitudinally.
Recent large prospective studies show that compliance
with multiple healthy behaviours is associated with the
reduced risk of mortality in a dose–response way [5,6].
For example, the mortality risk associated with compli-
ance with four compared to zero health behaviours
(never smoked, healthy diet, adequate physical activityTable 3 Spearman’s rank order correlations between F&V
intake, LTPA and ST (n =3,644)
F&V – LTPA
(p-value)
F&V – ST
(p-value)
LTPA –ST
(p-value)
Women 0.196 (< 0.001) −0.066 (0.004) −0.110 (< 0.001)
Men 0.143 (< 0.001) −0.022 (0.360) −0.065 (0.006)and moderate alcohol use) was equivalent to being up to
14 years younger in chronological age [5,6]. The study
by Ford et al. also showed that the combined impact of
a healthy diet and adequate physical activity reduced the
risk of all-cause mortality by 25% [5]. Another longitu-
dinal study, examining health behaviours and quality of
life, suggest that physical activity is the key factor, super-
ior to fruit and vegetable consumption and sedentary
time (viewing), when influencing individual’s mental
health and quality of life [41]. On the other hand, an
untargeted increase in physical activity has been
reported in interventions to promote fruit and vegetable
consumption [42]. Furthermore, randomized control
trials have shown that individuals that adopted one
healthy behaviour are more likely to adopt another
healthy behaviour, and that there are even greater bene-
fits with reducing bundle risk behaviours simultaneously
[43,44]. Although these studies were among adults in
general and did not focus specifically on older adults
aged 55–65 years, the results give justification for look-
ing at health behaviours in combination, and the import-
ance to examine both additive and synergistic effects on
health outcomes. They also give insights into the quan-
tity and quality of life that can be potentially gained
when adopting healthy lifestyles. The results from the
present study show similar association for F&V and
LTPA with self-rated health, and provide further support
that even small differences in lifestyle behaviours may
make a big difference to health in the population.
Worldwide it is well-recognised that the risks for
chronic disease are escalating, and the future burden
(social and economic) will be largely determined by
current lifestyle behaviours [10]. In Australia, a majority
of older adults aged 55–64 years have three or more be-
havioural risk factors for chronic disease, and low intake
of fruit and vegetables together with lack of physical ac-
tivity is the most common combination [45]. Hence, to
bring about an increase in F&V intake or/and LTPA
could result in postponement of age-associated diseases
which allows independent living for a longer period of
time [1,10]. However, for optimal promotion of healthy
lifestyles in older adults, we need to understand both
prevalence of health behaviours and associations among
such behaviours. The low correlation coefficients, be-
tween F&V intake, LTPA and ST in the present study,
indicate that they have little if any linear correlation, or
that confounding variables might be involved. A range
of personal, social, and environmental factors, (above
and beyond the socio-demographic factors included in
the present study), are important influences on food
consumption, physical activity and sedentary behaviours
[17,46]. A better understanding of these influences
among older adults is necessary to take into account the
specific life-stage context.
Table 4 Odds ratios (ORs) with 95% confidence intervals (CIs) for reporting self-rated health as good or better
(n = 3,644)
Bivariate model Multivariate model a
OR(CI) OR(CI)
Variable Level Women Men Women Men
F&V (servings/day) 1.15 (1.11-1.20) 1.16 (1.11-1.21) 1.09 (1.04-1.14) 1.10 (1.05-1.16)
LTPA (MET-hours/day) 1.15 (1.11-1.20) 1.16 (1.12-1.21) 1.08 (1.04-1.12) 1.10 (1.06-1.14)
ST (hours/day) 0.95 (0.92-0.98) 0.94 (0.91-0.97) 0.98 (0.95-1.02) 0.96 (0.93-1.00)
Body Mass Index < 25 kg/m2 1 1 1 1
(BMI) 25–29.9 kg/m2 0.63 (0.52-0.77) 0.77 (0.62-0.96) 0.70 (0.56-0.86) 0.84 (0.66-1.06)
≥ 30 kg/m2 0.35 (0.28-0.44) 0.28 (0.21-0.36) 0.54 (0.42-0.70) 0.36 (0.27-0.47)
Smoking habits Never smoker 1 1 1 1
Former smoker 0.86 (0.71-1.04) 0.68 (0.56-0.83) 0.99 (0.81-1.22) 0.79 (0.64-0.98)
Daily smoker 0.44 (0.33-0.59) 0.33 (0.25-0.43) 0.65 (0.47-0.89) 0.48 (0.35-0.65)
Education Up to 10 years 1 1 1 1
12 years/trade/certificate 1.14 (0.93-1.39) 1.37 (1.11-1.69) 1.01 (0.82-1.25) 1.12 (0.89-1.41)
University 1.98 (1.58-2.48) 2.38 (1.88-3.01) 1.42 (1.11-1.82) 1.54 (1.19-2.00)
Marital status Married/cohabiting 1 1 1 1
Separated/widowed 0.74 (0.59-0.93) 0.69 (0.52-0.91) 0.93 (0.73-1.18) 0.78 (0.57-1.08)
Single 0.54 (0.35-0.84) 0.59 (0.41-0.86) 0.63 (0.38-1.05) 0.55 (0.37-0.82)
Housing tenure Renter/boarder 1 1 1 1
Purchaser 2.14 (1.51-3.03) 1.79 (1.28-2.51) 1.73 (1.19-2.52) 1.11 (0.76-1.62)
Owner 2.30 (1.69-3.12) 1.94 (1.44-2.61) 1.59 (1.14-2.23) 1.14 (0.81-1.58)
Long-term illness No 1 1 1 1
Yes 0.12 (0.09-0.16) 0.13 (0.10-0.17) 0.16 (0.12-0.21) 0.17 (0.13-0.23)
Note a Multivariate model – adjusted for all the independent variables (including F&V, LTPA and ST) simultaneously.
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between sedentary behaviour and different health out-
comes [2,4], the lack of an association between ST and
self-rated health was unexpected. One reason could be
that ST in older adults might be more related with ob-
jective health indicators [4]. Another explanation could
be the measure of ST. Although the sitting measure in
the IPAQ has acceptable reliability and validity among
adults aged 18–65 years [17], perhaps the measure did
not perform so well among Australian adults in this age
group. A limitation of the sitting measure in IPAQ is
that it does not distinguish between sitting in different
domains, such as work, transportation, domestic and
garden, and leisure- time. Therefore, associations be-
tween discretionary sitting and self-rated health could
not be examined, as was done for LTPA. When specific
sedentary behaviours are examined the most common
sedentary leisure-time behaviour is TV viewing time [8].
The positive and negative interaction effect (for
women and men, respectively) between ST and F&V was
also surprising. This means, that the simultaneous influ-
ence of ST and F&V on self-rated health is not additive.
Instead, the association between F&V and self-ratedhealth is dependent on ST and additional time spent sit-
ting affects this association differently in women and
men. Therefore, among men the association between
F&V and self-rated health strengthens with less time
spent sitting (<10 hr/day) (Figure 1b). However, the re-
verse effect for added time spent sitting (>5 hr/day) in
women are more difficult to explain (Figure 1a). It is
possible that the different associations for men and
women are a result of different patterns of sitting time,
for example, prolonged periods versus intermittent sit-
ting bouts however there is limited research on sitting
time among this age group [3,8]. Objective measures of
sedentary time in US shows that male older adults
(>60 years) are more sedentary than their female coun-
terparts [47]. However, an international comparative
study of sitting time among adults in 20 countries did
not find any gender differences [17]. Consequently, more
research is needed to clarify associations with sedentary
behaviour in this age group.
One limitation of this study is the use of self-reported
data which may be hampered by recall biases such as so-
cial desirability (including cultural and gender differ-
ences), and over- or under-reporting [48-50]. The
Figure 1 Interaction effecta with LTPA held at mean, with 95%
confidence intervals (CIs), women. Note a Change in probability
of rating health as good or better for one unit change in F&V intake
at different values of ST.
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study results, is also acknowledged. Although there were
some differences between respondents and non-respon-
dents, the distribution did not differ compared to Aus-
tralian national data for self-rated health and health risk
factors (smoking, BMI, fruit and vegetable consumption,
exercise level) in the same age group [15]. Even if selec-
tion bias cannot be ruled out (e.g. those that agreed to
participate could have healthier behaviours than nonpar-
ticipants), the data were obtained from a relatively large,
random sample of older adults sampled from the Aus-
tralian Electoral Commission electoral roll (voting is
compulsory for person aged 18 years and over), which
limits the risk of self-selection bias. The cross-sectional
design and inability to determine causality of effect is
also a limitation. Thus, it is difficult to assess which fac-
tors are determinants and which are consequences in
the association between F&V intake, LTPA, ST and self-
rated health. Though we found no association between
long-term illness and physical activity, it cannot be
excluded that some individuals do not take part in phys-
ical activity and/or might be more sedentary due tovarious health problems, including mental health pro-
blems. However, the WELL study is designed as a pro-
spective cohort so we will be able to investigate the
findings longitudinally. Furthermore, the ability to con-
currently explore a set of key factors that may have an
impact on older adult’s future health, with sufficient
power and adjusted for important confounders is a
strength of this study. In light of an acceleration of the
ageing of the global population [10], and bearing in
mind that self-rated health is strongly associated with
successful healthy ageing, identifying its determinants is
of importance for understanding the underpinnings of
good health in later life.Conclusions
A better understanding of the relationship between life-
style behaviours can accelerate our efforts to improve
health outcomes for which diet, physical activity and
sedentary behaviours are risk factors. The present study
contributes to the scarce literature related to lifestyle
behaviours and their association with health indicators
among older adults. The findings suggest that a modest
increase in F&V intake, or LTPA could have a marked
effect on the health of older adults. Further research is
needed to fully understand the correlates and determi-
nants of lifestyle behaviours, particular sitting time, in
this age group due to the lack of current research and
potential health benefits from lifestyle changes.
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